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(54) INTAKE AIR QUANTITY DETECTING DEVICE AND FUEL INJECTION CONTROL DEVICE FOR 
ADJUSTABLE VALVE ENGINE 

(57)Abstract: fc&w 1 

PROBLEM TO BE SOLVED: To improve precision on detection of an intake :.. r. , <s|y 

air and control of a fuel injection quantity for an adjustable valve engine. 
SOLUTION: An opening and closing timing is controlled (S1-S3) so that 
target torque of intake and exhaust valves is generated based on an 
accelerator opening and an engine rotation speed. A volume intake air 
quantity is calculated (S4 and S5) based on the engine rotation speed and 
the opening and closing timings of the intake and exhaust valves. The 
volume intake air quantity is corrected by an intake air temperature T and 
an intake air pressure P to calculate a mass intake air quantity (S6 and 

S7), and a fuel injection quantity is calculated based on the mass intake air ^^w^tm 
quantity. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The good change valve engine which is characterized by providing the following and which was equipped 
with the inlet valve which can carry out adjustable control at arbitrary opening-and-closing stages An inlet-valve 
opening-and-closing stage detection means to detect the opening-and-closing stage of an inlet valve An engine-speed 
detection means to detect an engine speed A volume inhalation air-content calculation means to compute a volume 
inhalation air content based on the opening-and-closing stage and engine speed of an inlet valve An intake-air- 
temperature detection means to detect an intake-air temperature, a MAP detection means to detect a MAP, and a mass 
inhalation air-content calculation means to compute a mass inhalation air content by amending the aforementioned 
volume inhalation air content with an intake-air temperature and a MAP 

[Claim 2] The aforementioned inlet- valve opening-and-closing stage detection means is inhalation air-content detection 
equipment of the good change valve engine according to claim 1 characterized by detecting an inlet- valve opening-and- 
closing stage for every cylinder, and computing a mass inhalation air content for every cylinder based on the opening- 
and-closing stage of the inlet valve for every cylinder of this. 

[Claim 3] The aforementioned volume inhalation air-content detection means is inhalation air-content detection 
equipment of the good change valve engine according to claim 1 or 2 characterized by computing a volume inhalation 
air content by multiplying by the coefficient set as the maximum volume inhalation air content based on the closed stage 
and engine speed of an inlet valve to change of the closed stage of an inlet valve. 

[Claim 4] The fuel-injection control unit of the' good change valve engine characterized by setting up the fuel oil 
consumption supplied to an engine based on the inhalation air content detected by the inhalation air-content detection 
equipment of any one publication of a claim 1 - the claim 3, and supplying the this set-up fuel oil consumption to an 
engine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention — electromagnetism — it is related with the control unit 
which adjusts the torque of the good change valve engine equipped with the inlet valve which can carry out adjustable 
control of the opening-and-closing stages, such as a drive formula, arbitrarily 
[0002] 

[Description of the Prior Art] although an inhalation air content is controlled by opening of a throttle valve with the 
engine of the general former - recent years and electromagnetism - it has ** and the exhaust valve of a drive formula, 
and what mainly controlled the inhalation air content by control of the opening-and-closing stage of an inlet valve is 
proposed (refer to JP, 8-200025, A) . 
[0003] 

[Problem(s) to be Solved by the Invention] When the usual air flow meter detected the inhalation air content, by the 
predetermined service condition at least, neither the influence of inhalation-of-air throb nor the response delay of a 
transient could detect a good inhalation air content, as a result control of good fuel oil consumption and an air-fuel ratio 
might be unable to be performed what controls an inhalation air content by the opening-and-closing stage of this kind of 
inlet valve. 

[0004] this invention aims at offering the inhalation air-content detection equipment and the fuel-injection control unit 
of a good change valve engine which were made paying attention to such a conventional technical problem, and can 
detect an inhalation air content with high precision, and enabled it to perform fuel-oil-consumption control with high 
precision by this. 
[0005] 

[Means for Solving the Problem] For this reason, invention concerning a claim 1 is set in the good change valve engine 
equipped with the inlet valve which can carry out adjustable control at arbitrary opening-and-closing stages, as shown in 
drawing 1 . An inlet- valve opening-and-closing stage detection means to detect the opening-and-closing stage of an inlet 
valve, and an engine-speed detection means to detect an engine speed, A volume inhalation air-content calculation 
means to compute a volume inhalation air content based on the opening-and-closing stage and engine speed of an inlet 
valve, It is characterized by constituting including an intake-air-temperature detection means to detect an intake-air 
temperature, a MAP detection means to detect a MAP, and a mass inhalation air-content calculation means to compute a 
mass inhalation air content by amending the aforementioned volume inhalation air content with an intake-air 
temperature and a MAP. 

[0006] According to invention concerning a claim 1, with the good change valve engine which mainly controls an 
inhalation air content by opening-and-closing time of an inlet valve, the inhalation air content inhaled by the cylinder by 
the opening-and-closing time and the engine speed of an inlet valve is determined. 

[0007] Then, based on the opening-and-closing time of the inlet valve detected by the inlet- valve opening-and-closing 
time detection means, and the engine speed detected by the engine-speed detection means, a volume inhalation air 
content is computed by the volume inhalation air-content calculation means. 

[0008] Moreover, since a mass inhalation air content changes with an intake-air temperature and MAPs, it computes a 
mass inhalation air content by amending the aforementioned volume inhalation air content by the mass inhalation air- 
content calculation means based on the intake-air temperature detected by the intake-air-temperature detection means, 
and the MAP detected by the MAP detection means. 

[0009] Thereby, the good inhalation air content which lost the influence of inhalation-of-air pulsation and the influence 
of the response delay of a transient is detectable. Moreover, invention concerning a claim 2 is characterized by for the 
aforementioned inlet-valve opening-and-closing time detection means detecting inlet- valve opening-and-closing time 
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for every cylinder, and computing a mass inhalation air content for every cylinder based on the opening-and-closing 
time of the inlet valve for every cylinder of this. 

[0010] According to invention concerning a claim 2, inlet- valve opening-and-closing time is detected for every cylinder, 
and the mass inhalation air content for every cylinder is computed by amending the volume inhalation air content 
calculated for every cylinder with an intake-air temperature and a MAP. Thereby, even if there is variation in opening- 
and-closing time for every cylinder, an inhalation air content is detectable with high precision. 
[001 1] Moreover, invention concerning a claim 3 is characterized by the aforementioned volume inhalation air-content 
detection means computing a volume inhalation air content by multiplying by the coefficient set as the maximum 
volume inhalation air content based on the closed stage and engine speed of an inlet valve to change of the closed stage 
of an inlet valve. 

[0012] According to invention concerning a claim 3, on the conditions of engine-speed regularity, when the opening- 
and-closing stage, especially closed stage of an inlet valve are a predetermined stage, an inhalation air content serves as 
the maximum, and when late [ a closed stage is earlier than it and ], an inhalation air content decreases from maximum. 
On the other hand, since the delay of the inhalation of air from an inlet valve becomes large so that an engine speed 
becomes high, the closed stage of an inlet valve when the aforementioned inhalation air content serves as the maximum 
is shifted to a delay side. 

[0013] Then, a volume inhalation air-content calculation means can compute a volume inhalation air content with high 

precision by multiplying by the coefficient set as the volume inhalation air content maximum [ according to change of 

the closed stage of an inlet valve ] based on the closed stage and engine speed of an inlet valve. 

[0014] Moreover, invention concerning a claim 4 is characterized by setting up the fuel oil consumption supplied to an 

engine based on the inhalation air content detected by the inhalation air-content detection equipment of any one 

publication of a claim 1 - the claim 3, and supplying the this set-up fuel oil consumption to an engine. 

[0015] According to invention concerning a claim 4, the fuel oil consumption supplied to an engine based on the mass 

inhalation air content detected with high precision by above inhalation air-content detection equipment is controllable 

with high precision. 

[0016] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained below. Drawing 2 is the system 
chart of the good change valve engine in which 1 operation gestalt of this invention is shown. 
[001 7] an ignition plug 4 is surrounded in the combustion chamber 3 formed by the piston 2 of each cylinder of an 
engine 1 — as — electromagnetism « it has the inlet valve 5 and exhaust valve 6 of a drive formula 7 is an inhalation-of- 
air path and 8 is a flueway. 

[0018] the electromagnetism of an inlet valve 5 and an exhaust valve 6 - the basic structure of a driving gear is shown 
in drawing 3 The plate-like needle 22 is attached in the valve stem 21 of a valve element 20, and this needle 22 is 
energized by the center valve position with springs 23 and 24. and this needle 22 bottom — the object for valve opening 
- electromagnetism - a coil 25 arranges ~ having — a top - the object for valve closing ~ electromagnetism - the coil 
26 is arranged 

[0019] therefore, the time of making it open - the object for upper valve closing — electromagnetism « the object for 
valve opening of the bottom after stopping the energization to a coil 26 - electromagnetism - the lift of the valve 
element 20 is carried out, and it is made to open by energizing in a coil 25 and adsorbing a needle 22 with the down side 
on the contrary, the time of making the valve close — the object for lower valve opening — electromagnetism — the 
object for valve closing of the bottom after stopping the energization to a coil 25 « electromagnetism - the sheet section 
is sat and a valve element 20 is made to close by energizing in a coil 26 and adsorbing a needle 22 with the up side 
[0020] Moreover, the detection rod 31 is made to engage with the upper limit of the valve stem 21 of an inlet valve 5, 
and the lift sensor 32 is arranged at the upper limit of housing. This lift sensor 32 detects the movement magnitude of 
the detection rod 31 as an amount of lifts of a valve element 20. In addition to this as a lift sensor, the range- 
measurement sensor of the non-contact method by infrared radiation, the ultrasonic wave, etc. can be used. Moreover, 
since what is necessary is for detection of the amount of lifts of ** and an exhaust valve itself to be unnecessary, and 
just to detect an opening-and-closing stage, being required by this invention can also use what detects the taking-a-seat 
oscillating sound of a needle 22 like a piezoelectric pickup at the time of opening and closing. 

[0021] It returns to drawing 2 and the electromagnetic fuel injection valve 9 is formed in the inhalation-of-air path 7 at 
the suction-port portion for every cylinder. In here the operation of an inlet valve 5, an exhaust valve 6, a fuel injection 
valve 9, and an ignition plug 4 It is controlled by the control unit 10. to this control unit 10 A crank angle signal is 
outputted synchronizing with engine rotation, by this An engine speed The detectable crank angle sensor 1 1, the 
accelerator pedal sensor 12 which detects accelerator opening (the amount of trodding of an accelerator pedal), and 
intake-air-temperature sensor which detects an intake-air temperature (intake-air-temperature detection means) 13 and 
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MAP sensor which detects a MAP (MAP detection means) Others [ 14 ], Lift sensor which detects the opening-and- 
closing time of the aforementioned inlet valve 5 and an exhaust valve 6 (inlet-valve opening-and-closing time detection 
means) The signal is inputted from the 32nd grade. 

[0022] And the target opening-and-closing time of an inlet valve 5 and an exhaust valve 6 is set up so that target torque 
may be generated based on the service condition of engines, such as accelerator opening and an engine speed, and the 
opening-and-closing time of an inlet valve 5 and an exhaust valve 6 is controlled so that this target opening-and-closing 
time is obtained. 

[0023] On the other hand, based on the value detected by the various aforementioned sensors, a mass inhalation air 
content is detected and the fuel oil consumption from the aforementioned fuel injection valve 9 is controlled based on 
this mass inhalation air content. 

[0024] Below, the routine which detects the aforementioned mass inhalation air content and fuel oil consumption is 
explained in detail according to the flow chart of drawing 4 . be alike accelerator pedal sensor 12 at Step 1 - the engine 
speed detected by the accelerator opening and the crank angle sensor 1 1 by which **** detection was carried out is read 

[0025] It is a map (refer to drawing 5 ) about the target opening-and-closing time of the inlet valve 5 and exhaust valve 
5 which generate the target torque for every operational status according to the aforementioned accelerator opening and 
the engine speed at Step 2. Shell reference is carried out. 

[0026] Opening and closing of an inlet valve 5 and an exhaust valve 5 are controlled by Step 3 according to the 
aforementioned target opening-and-closing time. At Step 4, the actual opening-and-closing time of the inlet valve 5 
detected by the aforementioned lift sensor 32 is read. 

[0027] At Step 5, the volume inhalation air content Qv inhaled by the cylinder based on the opening-and-closing time 
and the engine speed of the aforementioned inlet valve 5 is computed. Specifically, as shown in drawing 6 on condition 
that engine-speed regularity, when the closed time of an inlet valve is predetermined time, an inhalation air content 
serves as the maximum, and when late [ closed time is earlier than it, and ], an inhalation air content decreases from 
maximum. On the other hand, since the delay of the inhalation of air from an inlet valve becomes large so that an engine 
speed becomes high, the closed time of an inlet valve when the aforementioned inhalation air content serves as the 
maximum is shifted to a delay side. That is, although [ which closes an inlet valve 5 before a bottom dead point ] the 
same inhalation air content is acquired, it is necessary to delay inlet- valve close time, although target torque, therefore 
an inhalation air content already increase in closing control so that the closed time of an inlet valve is delayed as shown 
in drawin g 7 , so that an engine speed becomes high. 

[0028] Then, the volume inhalation air content Qv is computed by the following formula. The function of this step 5 
constitutes a volume inhalation air-content calculation means. 

Qiv=QiMAX xlVCt - here - Qiv - a #i cylinder volume inhalation air content and QiMAX the #i cylinder maximum 
volume inhalation air content and IVCt - the closed time and the engine speed (every [ for example, ] 400rpm) of an 
inlet valve By multiplying by the coefficient set up by being based, the volume inhalation air content Qiv is computable 
with high precision. 

[0029] At Step 6, MAP P detected by the intake-air temperature T detected by the intake-air-temperature sensor 13 and 
the MAP sensor 14 is read. At Step 7, the mass inhalation air content Qim is computed by the aforementioned intake-air 
temperature T and MAP P amending the aforementioned volume inhalation air content Qiv. The function of this step 7 
constitutes a mass inhalation air-content calculation means. 
[0030] 

At the Qim=R-T/P-Qiv (however, R gas constant) step 8, basic fuel-oil-consumption TP i=k-Qim is proportionally 
computed-like to the mass inhalation air content Qim of the aforementioned cylinder i, and the final fuel oil 
consumption TI i is computed by amending this basic fuel oil consumption Tpi on the voltage of the battery which 
drives engine-cooling- water temperature and a fuel injection valve 9 etc. 

[0031] If it does in this way, the good inhalation air content which lost the influence of inhalation-of-air pulsation and 
the influence of the response delay of a transient is detectable by computing a mass inhalation air content by amending 
the volume inhalation air content computed based on the opening-and-closing time and the engine speed of an inlet 
valve with an intake-air temperature and a MAP. 

[0032] In addition, although it writes as the composition which detects an inhalation air content for every cylinder, and 
sets up fuel oil consumption for every cylinder and highly precise fuel-oil-consumption control can be performed for 
every cylinder with the form of the aforementioned operation Average QmAV[(in for example, the case of a 4-cylinder 
engine) of the inhalation air content Qim for every cylinder QmAV=l/4 (Ql m+Q2 m+Q3 m+Q4m)] is computed, and 
it corresponds to this average QmAV, and is the fuel oil consumption TI common to each cylinder. You may set up and 
the torque change by the variation in the inhalation air content for every cylinder can be suppressed. 
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[0033] Moreover, it is good also as composition which creates the 3 -dimensional map of the volume inhalation air 
content which made the parameter the closed time and the engine speed of an inlet valve, and computes a volume 
inhalation air content by reference from this map. 

[0034] Furthermore, in order to tune target torque finely, the opening-and-closing time of an inlet valve may be 
adjusted, or you may have the composition which adjusts throttle- valve opening in the thing equipped with the throttle 
valve. 



[Translation done.] 
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f2<*:«KA^a»Q i v*i»ffiift»ifl£T;fttf»Si;i£a 
P(Cckr3TttiEbTMfi®ASSa»Q i m^ttST^. 

[0 0 3 0] 

Q i m= R • T/P • Q i v ({IL, R(WXS») 
Xf-^8TU, fift£$[ffi i ©IMA^IQ i mtC 
J£ffltt££*tB*MftfSTP I =k • Q im^fliiL, 
iI*Mi«iTp i Sx>s?>?Mii*iBffi*m*Mt 

[0 0 3 1] dOJ^Kt-ntf, »a#©MBil$»!4:X 

[0 0 3 2] Br(fe©|gSS©JE5<ilT«, SffiSCR 

glSftfflKA^IQ imO?^f QmAV [0>J*.fcf 
4 StflSX QmAV= 1/4 (Qlm+Q2 
m+Q 3m+Q4m) ] £#ffiU S¥^<iQmAVfC*f 
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[0 0 3 3] fcfc, »«#©EB«f»iiX>>'>ige3«flE 
ttrr«4tA£:lsTfeJ:V>. 

[0 0 3 4] s&tc, s*h;p^*«wsrr*fc», © 

[iai] *&w<Dmf8.z*Tmm7u>y?m. 
[02] ■*%w<D~mmMm*7KTvi&m#*>zs> 

©•>Xf 

[m 3 ] ®#fti#©m^iKK>g!e©g##ijS0 
[04] *B»*lt*«»e;i/-^>©7D-^-fr-h 
[0 5] »-»a#©B«B!m»i**TH. 
[06] K«#©BB«fWt»Aa!St*<!:OH«S*-r*il 

0. 

[0 7] ft£#®HIQH£&tfx>5?>B£aUE&/:(? 

1 x>^> 

2 t°Xh> 

3 j&Slg 

4 £Ate 

5 iWiacKI^ 

7 ©^iiSS 

8 $£3% 

9 te®mm# 

1 0 3>hP-J^7 h 

l l i>7>pft±>+)- 

1 2 7i/±.)l^JV±>^ 

1 3 K»MS-tr>-9- 

14 KSUI:*J-fe>1}- 

3 1 fcfflOyK 

3 2 U7ht>1t 



[0 7] 



ivc a 
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t#M2 0 0 1 - 1 5 9 3 



1] 



m2] 



[H3] 



24- 

25- 



ii 

iiJlil 




[0 5] 




[04] 



[ START ) 



SI 



i 



S3 



34 



ss 



se 
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INC MXis? 



(51) Int. CI. 7 

F0 2D 41/18 
45/00 



3 6 0 
3 6 2 
3 6 6 



F I 

F0 2D 41/18 
45/00 



F 

3 6 0 E 
3 6 2H 
3 6 6 E 



F^-A(##) 3G084 AA03 BA13 BA23 DA04 EA11 
EC02 EC03 FA02 FA10. FA11 
FA33 FA38 

3G092 AA01 AA05 AA11 AA13 AB02 
BB03 DA07 DG09 EA01 EA02 
EA03 EA04 FA06 GA03 GA16 
HA04Z HA05Z HA13Z HE01Z 
HE03Z HF08Z 

3G301 HA01 HA06 HA19 JA11 KA06 
KA23 LA07 LB02 LC01 MA13 
NC02 PA07Z PA10Z PE01Z 
PE03Z PE10Z PF03Z . 



